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SUMMARY 


*  iciwl>  variant  CW  intimM  hat  perfanaed  far  tH« 

The  HittiMM  cwiU«r«4  the  ifftcti 
induced  by  Chf  envirenmenti  fanerated  by  hifh-eltltude  nuclear  da  tenet  loot. 
The  teener i a  variant  technique  Identifier  thf  erltlM'  dleetrlcel/eleetrenie 
•qw i a<«ent  which  will  be  iapaired  by  the  larfaat  bifnett  induced  within  the 
facility  by  any  hifh»altltude  nuclear  |nf  awlrtnurt. 


critical  ccwlpaantt  will  nalntala  their  eeeretlenel  caaabilitlet  during  and  after 
an  tub  llluninatian  ef  the  facility,  her den  Inf  detiyn  eeckafei  are  frevlded  *ueh 
that,  if  iaflaaentcd,  the  functianal  caaebilitici  af  the  facility  will  tervlve  the 
natt  severe  hifh-altitude  ihh  wl th  percent,  ar  freeter,  canfidence. 
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1.2 


scon 


This  report  presents  the  element  deser ipt lows ,  functional  analytes, 
element  rasp onse  assessments  to  tha  asst  tavara  high-altitude  nuclear  in?  environ* 
ment,  and  hardening  techniques  end  coAcapp' pasiyft  packages  for  tha  if  end  Mf 


receiving  and  that 


transmitting  syntax*  at  tha 


f fact  1 i ty  at 


Hardening  techniques  end  concept  datigns  have  Seen  developed  for  aach 
piaca  of  critical  equipment  predicted  to  he  vulnerable  to  tha  most  severe  high 
altitude  nuclear  (HP  environment.  Tha  hardening  techniques  and  concept  designs 
are  eepected  to  reduce  or  nullify  the  (HP  affects,  thus  assuring  critical  oquipawn 
survi  vabl  I  Ity  to  at  least  tha^^percant  confidence  level.  Tha  hardening  designs 
consider  tha  ease  of  Installing  and  Mintaining  the  hardening  devices,  cost,  and 
non- in tar  fa ranee  to  normal,  dally  operations. 


2.0  0  PREDICTED  EQUIPMENT  VULNERAI  I  L I  TY  ANO  MISSION  IMPACT 


Specific  nitumnt  values  for  the  critical  equipment  are  listed  In 
Appendix  0,  "CMP  Assessment  Predictions." 

2.1  0i  PREDICTED  UPSET  EQUIPMENT  ANO  FUNCTIONAL  IMPACT 


2.2  PREDICTED  DAMACEO  EQUIPMENT  ANO  FUNCTIONAL  IMPACT 

2.2.1  Predicted  Damaged  Equipment 
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Suppr«itor«  In  *T  Cable  Ent 


the  hardening 
fac  M 1 ty .  The 


remaining  material  In  this  section  defines  conceptual  designs  for 
recommended  for  instelletlon  In  the 
infometlon  presented  Includes  reeormended  design  requirements, 


material  specifications,  end  installation  Instructions  for  each  hardening  concept. 


The  hardening  requirements  are  Such  that  the  modifications  can  be  readily  Installed 


by  en*site  personnel.  Some  Inspections  by  on-site  personnel  *>111  be  required  to 


determine  the  proper  equipment  to  be  ordered. 


AC  POWER  HARDENING  CONCEPT  DESIGN 


shown  In  Tibli  3.1-1.  The  list  also  provisos  uHttk  posts  and  potential  suppllprs. 


3. 1.1.3  Installation  Requirements.  £  Remove  thp  existing  power 

conductor  installation  In  tha  staal  duct  Mtween  the  transformer  aasa  and  the 
power  filters.  Install  rigid  steel  conduit  Per'  n  the  transformer  case  and  the 
filters  (see  figure  3.1-1).  Assemble  tne  conduit  and  fittings  In  accordance  with 
Appendix  I,  Sections  1.2.1  and  (.2.2.  Reconnect  the  transformer  secondary  to  the 
power  filter  Input  terminals. 
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Existing  Stnnl  Duct 

— Nntnlllc  lushing  (U»Ui|  m4 
Bonding  Typs  locknut  (Outs Ids) 


rigors  J.l-I.  It  goMsr  hsrdsnlng  Instsllstlon; 


harden 


| SIGNAL  INPUT  MARGINING  COMCfPT  DISIGN 


Sign*)  Input  |NP  Suppr«lti*n 


3.2. 1.3  MB  Hatarial  Knulrwnti.  W  **  n*t  «f  m»t*ri«1 

it  thown  In  T«b  1 1  3.2-1 .  Tha  list  alto  ^rawidat  a>aa«ta4  cattt  aM  ^ottMial 
tuppl iart . 
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^PAPPCNOIX  A 
FACILITY  DtSCAIPTION 


and  It  it  Mrt  of  th« 

art  lecatad  at  flfHH 


f station  It  located  on  tKo 
It  it  operated  and  maintained  by  the  U.S.  Coatt  Guard, 
■■MMfiBlV  chain.  The  other  fact  I  i  t  let 


A. I.I  Feci 1 1 ty  Layout 


Figure  A.  1-1  thaw*  the  layout  o f  the  facility.  Equip" 

at  toe  ia  ted  with  the  and  |fl|^m^iy<t«nir7  located 

the  signal  power  building  or  transmitter  building.  The  tlgnai  power  building 
containt  the  tignal  equipment,  the 

timer,  and  power  generating  equipment.  The  trantmitter  building  containt  two 
high-power  *  r«n*mi  tiers  an  antenna  coupler,  dummy  load. 

Incoming  ac  power  transformers .  The  buildings  are  constructed  of  reinforced 
concrete  block  walls  and  prestressed  concrete  slab  roofs. 


are  located  In  either 


Other  parts  ef  the  installation  include  personnel  barracks,  water  and 
sewage  facilities,  an  oil  storage  tank  fane,  antennas,  and  I nterconnect ing  conductors 


A.  1.2 


(qufpment  Layout 


The  signal  power  building  Is  a  one-ttery,  reinforced,  concrete  block 
structure,  providing  a  measured  11  di  attenuation  to  free-fleld  tf-P.  The 

equipment  It  located  Inside  the  timer  room,  measuring  (  meters  x 
6  meters  x  2.J  meters  (20  ft  x  20  ft  x  I  ft).  The  timer  room  provides  a  measured 
total  of  3$  dl  attenuation  to  the  electromagnetic  environment  outside  the  signal 
power  building.  Figure  A. 1-2  shows  a  floor  plan  of  the  signal  power  building 
tlamr  room. 


r  — 

r 


Th*  timer  room  contain*  a  complete  m^pequipment  i  n»  ta  1 1  a  t  i  on : 
ana  timer  »at,  ana  tran  sm  tar  cantrel  sat,  an  a 

frequency  standard  rack,  one  recorder  rack,  end  on*  auxiliary  equip  ant  rack. 

Also  located  in  the  room  is  transmitter  control  set  fo.  receiving 

and  retransmi tt ing  the  HF  and  IF  messages  by  modulating  the  signal . 

The  transmitter  building  is  a  specially  shielded  concrete  block 

structure  located  262  meters  (860  feet)  southwest  of  the  signal  power  building. 

Th*  transmitter  building  houses  two  transmi  t  tars .  Special  shielding 

is  required  to  protect  the  electronics  equipment  from  th*  100  kHz  electro* 

magnetic  fields  radiated  from  the  transmit  Th*  signal 

routed  from  the  signal  power  building  to  the  transmitter  building  via  two  buried 
twinax  cables.  The  transmitter  building  structure  provides  attenuat  ion 

to  free-fieid  CMP.  The  transmit  antenna  it  located  10  meters  (33  feet) 

southwest  of  th*  transmitter  building.  Th*  base  of  the  transmit  antenna  is  tied 
into  a  259  meter  ( 8 50  fcot)  raeius  ground  eountarpoii*  system.  Figure  A.  1*3  shows 
th*  leyout  of  th*  trensmitter  building. 


signal  and  control  cables  between  the  timer  room  and  ;h*  trans¬ 
mitter  building  are  buried.  Included  In  these  cables  are  seven  twinex  signal 
cables  (the  two  twinax  transmitter  drive  cables  ere  contained  in  cupper  tubing)  and 
two  shielded  12-wire  control  cables.  Th*  twinax  cables  enter  th*  timer  room  by 
way  of  th*  feed-throuqh  box.  Th*  control  cable  shields  are  grounded  in  th*  floor 
trench  at  both  ends  and  th*  wires  are  fed  through  capacitors  at  the  input  to  the 
timer  room. 


Separate  ground  systems  are  used  for  th*  two  buildings.  The  ground  for 
all  equipment  end  power  circuitry  in  each  building  is  provided  by  a  buried  ground 
system  around  th*  building  periphery  consisting  of  3  meter  long  ground  reds,  2 
centimeters  in  diameter,  spaced  at  intervals  not  exceeding  3  meters,  connected  by 
2  centimeter  diameter  copper  tubing. 
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1.1. 1.2  f  i  mi  i  lech  station  in  a  chain  is  assigned  •  signal 

format  based  on  its  assigned  function.  The  pulses  consist  »f  «  carrier 

that  rapidly  increases  in  amplitude  in  a  carefully  controlled  Banner  and  than 
decay  at  a  specified  rate  faming  an  envelope  ef  the  signal,  (ach  station 
repetitively  treneaits  its  series  af  dlaselyUpaced^puteas,  called  a  pulse  group, 
at  the  group  repetition  interval  assigned  ta  the  chain.  Wnen  the  chain  is 
synchrenijed  to  Universal  Time  (UT) ,  the  master  station  also  sets  the  time  reference 
for  the  chain.  The  secondary  stations  transmit  In  tarn  fallowing  the  master 
station  transmissions,  faeh  secondary  is  delayed  in  time  so  that  nowhere  in  the 
coverage  area  will  signals  from  one  station  overlae  another.  The  number  of  pulses 
In  a  group,  puise  spacing  in  a  group,  time  ef  transmi ss ion ,  the  time  between 
repetition  of  pulse  groups  from  a  station,  and  tha  dalay  of  secondary  station 
pulsa  groups  with  respect  to  the  master  signets  constitute  the  signal  format. 


In  addition  to  providing  a  navigation  service,  the  transmission 

can  be  used  for  the  purpose  of  cooeuni cat  ions.  Messages  for  system  control  may  be 
sent  from  s tat  ion- te-s ta t i on  within  a  Chain  by  varying  certain  signal  format 
parameters  of  the  pulse,  this  can  bo  accomplished  without  significant  adverse 
effect  on  the  processing  of  the  navigation  signals  4n  receiving  eguipment. 


I. l.l.J  Icuipnent  Description.  The  major  components  of  the 
transmitting  equipment  are  described  in  the  following  paragraphs  and  are  illustrated 
in  figure  1.1*2. 


A  ground  Station  eon  ee  ins  a  Ireasmi  sting  transmitter 

automatic  controller,  and  an  antenna.  The  function  of  the  ground  station  is  to 

davolop  and  transmit  pui«af  navigational  tignalt  on  g  carrier.  There  ere 

two  binds  #f  ground  stations:  e  low  power  And  a  high  p mar  station.  A 

low  power  ground  station  cent  a  ins  a  transmitting  pot  a 

transmitter  autematic  controller,  enda^l^^^|H|HH||Hbr  tanne.  The  peek 
output  power  e  low  power  station  is  approximate  high  power 

ground  contain!  i  irMseiitlef  tot  trmtai  t  ter 

automatic  controller  e  ant  anna  peak  output  power 

of  a  high  power  station  Is  appro* i  na  t  ely^^BB^HM 
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*Wf  -  High  Pr+qvfXf 
If  *  Im  ^umct 


Figure  • . 1 ~ 3 


Ming 


Transmitter 
•ul I4lng 


equipment  canned  I  vl ty. 
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Th«  Navy  fleet  Iroadcast  being  transmitted  on  the  *vstem 

it  a  radio  teletype  stream  of  binary  data.  Similar  broadcasts  t'a  transmittad  from 

using  convent ion*!  fSK  transmission  modes. 

normally,  two  Hf  racaiva  antanna  systams  ara  installed  at  aaeh  flHH| 
transmitter  site.  One  system  is  a  nond i ract iona 1  whip  with  ana  Hf  receiver 
operating  from  the  whip.  The  other  system  is  a  parabolic  array,  consisting  ef  an 
active  whip  and  nine  grounded  whip  reflectors  to  provide  directivity  and  gain. 

Two  Hf  receivers  operate  from  this  array.  Three  Vlf  receive  loop  antennas  are 
normally  installed  at  each  transmitter  site.  The  loops  provide  signals 

for  Vlf  race  i  ver-chenne I s  I  and  $,  and  the  digital  data  receiver. 

The^mUmH^  transmitter  set  Is  capable 

converting  and  processing  up  to  five  radio  input  links  at  one  time.  It  is  ea  I e  to 
process  two  If  or  Vlf  signals  and  thraa  Hf  signals.  In  addition  to  handling  the 

the  signal  comparator  portion  of  the 

transmitter  set  can  process  two  ^m^^vignals.  ly  combining  three,  five  or 
seven  signels  of  good  to  fair  guality  in  a  majar i ty- vote  output,  an  autput  signal 
can  be  obtained  which  is  generally  superior  to  that  of  any  single  channel. 

I.  1.2.1  equipment  Description.  The  major  components  of  the  transmitter 
control  sat  described  in  the  fallowing  paragraphs  and  illustrated 

previously  in  figure  1.1*2. 


five  standard  Navy  commun icat ian  receivers  are  supplied  with  the 
transmi  t  ter  control  set.  Two  race  i  vers  ere  provided  for  receiving  Vlf 

end  If  signals,  end  threap rers  ore  installed  for  Hf  receptions.  The 
radio  receiving  set  e  If  duel  conversion  superheterodyne  receiver; 

the  is  e  triple  conversion  superheterodyne  receiver  that  provides  coverage 
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of  the  Hf  band. 


f 


Tha  output  of  each  receiver  it  fed  to  one  i»f  the  fiva  channel*  af 
tha  Signal  data  converter.  lech  c»n««rt«r  channel  danodulate*  t«t  incoming 

frequency  shift  «-a yed  (FJK)  signal  and  converts  tha  information  ta  a  digital  data 
Output . 

Tha  digital  data  tha  mas  te  r  station 

signal  and  any  two  of  tha  secondary  station  signals.  Tha  receiver  processes 

the  ^JPQP  signals  and  attracts  tha  information,  providing  digital  data 

outputs  to  tha  signal  comparator. 


Tha  p^^P  signal  comparator  ractivas  savan  ahannals  af  data  and 
storas  and  corralatas  incoming  digital  data  signals.  Tha  signal  comparator  can 
combine  tha  corralatad  signals  from  salastad  Channals  and  previda  a  thraa,  f i va , 
ar  savan  ehannal  major i ty-votad  output.  In  addition,  any  singla  input  ahannal 
can  be  salactad  as  tha  output.  F i va  of  tha  signal  comparator  ahannals  receive 
inputs  from  tha  signal  data  canvarttrs.  Tha  athar  twe  ahannals  ara  connactad  to 
tha  digital  data  rtcaivar,  providing  digital  information  from  any  two  af  tha 
thraa  acquired  signals. 


thraa  acqu  rad  signals. 

Tha  pPP  modulator  control  accepts  tha  me  jor  i  ty-vOttd  Output  from  tha 
signal  comparator,  ratimas  tha  d  *  So  to  tha  pppp^rata,  and  sands  tha  ra  timed  signal 
to  tha  transmitter  modulator  unit.  Tha  ^0^  transmi  ttar  modulator  aacepts  cowhands 
from  the  modulator  and  phase  tha  fljM pu  I  »as  . 


1.2  FUNCTIONAL  OtiCft  I  FT  I  Oh 

Tha  equipment  functional  block  diagram  for  tho  11  **°"n 

in  Figwra  l.l-l.  Variatlans  in  the  site  conf Igurat i an  ralatiwa  to  tha  standard 
camf igwratian,  at  defined,  or#  shown  in  tha  figura  and  noted  as  follows: 


!)  The  three  NF  radeivers  (Channels  2.  3  and  ‘i)  ara  all  connected  to 
th«  same  antanma  and  share  a  singla  input  filter. 


is  a  law  powar  station  using  an 


antenna . 


transmitter  and 
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functional  flow  diagram. 


Tahle  t.2-1.  cr  i  t 1  ca  I  equipment  functional  response  matrix 


system  operational. 


M4#  volt  to  Ut  volt  TrMiferMr  There  are  two  irMiforatn.  Los*  of  om  resells  l» 

switching  to  the  ether,  toss  of  both  resells  Is  loss 


T«kl«  1.2- 
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fjj  APPEMOI  X  C 
tUCTHOMAGNETIC  ArtALYS  I S 


C.l  CENCAAL 

installation  is  similar  to  other  stations  of  the 
Commercial  ac  powe -  tons  to  the  sita,  but,  at  tha 
tima  «f  survey  (September  1977),  was  not  installed  far  supplying  power  to  tha 
transmi ttars . 


Thera  are  two  major  buildings  in  tha  *c '  *  '  ty  thac  underwent 

electromagnetic  analysis:  tha  transmi tter  building  and  tha  signal-power  building. 
Hajor  penetrations  and  coupling  paths  are  shown  diagrammat ical ly  in  figure  C.l-I. 


C.l. I  Transmitter  Building 

Tha  transmitter  building  (X8) 
with  copper  mash  sci««ning  providing  an 
Shielding. 


is  made  af  reinforced  concrete  blocks 
estimated  of  electromagnet  ic  field 


All  metal  work  about  the  building  is  grounded  to  protect  personnel 
against  shock  hazards  from  the  a lect romagne t i c  fields  generated  by  the  transmi ttars . 

C.1.2  Signal -fewer  Building 

The  Signal-Power  (S-P)  building  contains  diesel  generators  supplying 
the  site  ac  power.  The  transmitter  is  controlled  by  equipment  in  a  screen  room 
located  at  the  south  corner  of  the  S-P  building. 

The  S-P  building  is  mode  of  reinforced  concrete  block  with  rebar  tied 
together  (in  part)  and  connected  to  a  buried  ground  ring  with  ground  rods 
surrounding  the  building.  The  S-P  building  provides  about  ^jjj^of  a  I  act  remagnet  Ic 
field  shielding  while  the  screen  room  provides  approximately  for  a  total  of 

39  dB  shialding  to  the  outside  environment. 


*7 


Antenna 
Tower  and 


Figure  C.l-I.  Major  penetration*  and  coupling  path*  dlagr 


C.2 


flKCTRATIONS 


C.2.1  Transmitter  building 


The  transmitter  building  Is  penetrated  by  various  signal  lln«s  which 
and  of  the  building.  Thasa  Includa  shialdad  coax,  twinax. 


enter  naar  tha 
and  alarm  cablas  coming  from  tha  signal  power  building. 


AC  power  comas  from  tha  A160  V  transformers  in  tha  S-P  building  via  a 
buried  cabla  to  cutouts  inside  tha  transmitter  building,  than  to  transformars 
and  to  tha  main  power  panel  In  tha  building. 


Tha  transmi  ttar  tower  drive  line  constitutes  a  minor  penetration. 

Over-voltage  protaction  of  tha  tower  and  tha  high  voltage  capability  of  Che 
transmitter  output  stage  should  prevent  damage  from  this  penetration. 


C.2. 2  Signal-Power  building 


Tha  signal-power  building  is  penetrated  by  most  of  tha  above  conductors 
and  by  others.  Tha  aonnuni cat  ions  lines  enter  naar  the  east  corner  of  the  building 
and  run  to  tha  timer  room  boxes  via  a  floor  trench  and  a  duct  on  the  tide  of  the 
1 1  me  r  roor . 


Outside  the  building  the  transmitter  drive  waveform  lines  run  In  two 
inch  diameter,  hollow  copper  pipe  to  the  transmitters.  Tha  pipe  is  open  circuited 
at  the  S-P  building  well.  Nearby  are  the  isolat ion/s tepdown  transformer  and  ac 
power  filters.  Power  is  supplied  from  the  mein  switchboard  by  overhead  plastic 
conduits  ending  above  the  timer  room  well.  The  power  conductors  run  free  down 
to  a  duct  leading  to  the  isolation  transformer. 

A  burled  b)60  V  power  line  runs  from  the  transformers  in  the  power  room 
to  transformers  In  the  transmitter  building.  This  Is  a  major  penetration  of  both 
bu i  1  d i ngs  . 


*5 


lessor  penetrations  Include  Juried  power  and  communication  linos  fr«* 
the  S-P  tullding  to  the  barrack!,  utility  building*,  lanmjn I  cat i an  antennas,  etc. 

Of  still  lass  significance  are  buried  water,  ttuer,  and  oil  lines  and 
sound  powered  telephone  lines.  These  do  not  couple  to  critical  equipment  or 
important  connecting  lines,  except  to  provide  additional  grounding  for  equipment 
already  grounded  by  other  lines. 


C.2.3 


Timer  Room 


The  gear  Che  timer  room  in 

signal-power  building.  Inside  the  timer  room,  penetrating  fields  are  low  because 
of  tne  electromagnetic  field  shielding  by  the  signal-power  building  and  bv  the 
timer  room  walls.  Measured  attenuation  was  about! 


All  significant  penetrations  of  tha  timer  room  enter  through  three 
boxes  and  the  ac  power  filters  near  the  east  corner  of  the  timer  room.  The  boxes 
are  a  feed-through  box  for  coax  and  twinax  shielded  lines,  a  filter  box  for  lines 
from  the  transmitter,  and  a  communications  filter  sec  for  eommun  i  ca  c  .  on 

lines  from  the  nearby  communications  console. 


C  .  3  COUPLING  PATHS 

C.’  '  Antenna  feeds  and  Radios 

The  shielded  loop  antenna,  on  the  roof  of  the  S-P  building  feed  the 
l^^gear  in  the  timer  room  by  shielded  linos.  The  antenna  loop  areas  are  approx  -  - 
mately  0.5  m^ ,  thus  coupling  to  the  external  IMP  environment  and  conducting 
a  largo  signal  down  the  shielded  antenna  feed  lines.  The  short  run  and  small 
through-br# Id  coupling  coefficient  ensure  that  £hP  transients  penetrating  the  braid 
are  negligible  compered  to  those  eemtng  from  the  antennas. 
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The  tern#  hold*  true  for  the  b*r*b°l'C  *rr ey  feed  tine.  Th  i  *  irtfi  ^ 
will  coup ! e  a  large  £nf  transient  end  propagate  it  the  feed  line  to  the 

lime'  room  feed  through  box  <rd  then  to  the  MF  radios. 


The  parabolic  irray  feed  line  rum  to  a  filter  before  entering  the  redid. 
The  vu I ne rab i I i t y  to  damage  of  thi*  filter  it  com  pa reb I e  to  that  of  the  HF  radios 
[hemtelvej,  thus,  E"h  traM i enti  hove  been  computed  *t  the  input  to  this  filter. 


The  IF  radios  ere  fed  directly  f roe  loop  en  net  on  the  roof. 
Chenne!t  6  end  ~  e '  e  fed  f'  or  che^voop  on  the  oof.  The  act  1  va  e  lenerts  of 


the  loop  e-n  t  enra  -  ill  p  ro v , d*  some  buffering  for  rhe 


receiver. 


AC  Fo«a r  tines 


The  ec  pot'  system  i»  relatively  exposed  to  S“h  transients.  The  Supply 
:  met  Apr  the  timer  room  .  »o  I  e  t  >  on  /  s  t  apdoxn  transformer  ere  not  shielded  es 

mentioned  in  Sec: ' cn  C.C.C. 


Tne  stetws  I'd  control  cable*  ere  shielded  end  through-^ re i J  coupling 
m,  i  te  tme I  Thu*  trensients  ere  pred>ated  to  be  lo».  Tr e  trarsau  ttar  dri  ■« 
-eveferm  Ines,  in  edd't  c~,  ere  protected  hv  e  2-ineh  diameter,  hoilm.  coppei 
»  p* .  «hic“  is  -e ' l -g reu-ded  et  the  trensritter  *no,  although  open  et  the  signel- 
pO~er  tu  l« Ihg  end. 


T«o  i*a I  I 
se  t  end  «o«  t  i  nue  on 
by pe sting  lines  dc 


cables  bypass  the  filters  in  the^^^^^H  communications 
into  the  timer  room.  Measurement*  at  nd'tiia  that 

not  create  significant  tr#ni,*ntt  inside  the  timer  room. 


filter 

such 


C  .  3  -  3 


equipment  Not  Assessed 


Men-,  parts  ef  the^H;**'  m  the  timer  room  end  parts  of  (he  trans¬ 
mitter*  have  not  been  included  n  the  assessment  because  Che  timer  room  a- t  the 
van-type  housing  ®f  the  transmitter*  should  provide  good  shielding  against  |Nb . 
Conseeuent I y  ,  on  I v  the  sensitive  eomponents  most  directly  interfacing  with  the 
penetrating  line*  have  been  treated. 
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In  particular,  the  eq.,:  pmetu  in  the  cobi  rcu  receive 

ac  power  through  a  separate  filter  in  the  timer  roc-'.  I  he  timer, 
and  transmitter  control  are  protected  against  ac  transients  by 

a  separate  isolation  transformer.  The  cesium  beam  cloc'-s  are  buffi  red  by  the 
Elgard  power  supplies.  Thresholds  and  Eh'P  transient.-  ha/e  been  confuted  at  th 
input  to  each  of  these  buffering  elements. 
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EHP  ASStS'MfNT  PP.CD  I  r.T  IONS< 


0.  I 


GENERAL 


ff/p  A  -»tr-n«'irio  variant  (S  Vi  asscsv  uni  •  rcnniquc  eas  used  for  assess  i  ng  t  Et¬ 
on  facility.  Using 

pi  .sides  for  risking  element  assessments,  and  devi  1  On  i  n<|  I...  i  drcii  concept  design 
packages  to  grevid'  a  desired  survival  Cu.  f  idenco  1  ev<- 1  ,  for  tin.  most  severe 
t-  i  o  n- a  |  t  i  !  ude  nuclear  burst  SMC  environment. 


i  >  i-  ?•  Clinique  use  »  t! 
t  locations  to  define  the  ric.s 
r  i  I  bursts  .ire  required  sine 
nut  .ill  hr  :--jxi"jllv  stress*' 


e  nuclear  cn  v  i  rorv  'c  n  t  parameters  for  «  set  of  I 
■i  ve  re  response  for  <ach  c  r  r  t  ic.il  equipment  rt 
tit  various  power,  -.iqs.il,  and  control  r  qu  i  ;  ~  e'l 
bv  any  one  burst  location.  7n <•  uncertainty 


invoiced  v.  i  t  h  using  only  1/  burst"  Joe,  not  seriously  degrade  J<  t  e  r  :  n  i  ng  the 
survival  confidence  of  the  facility.  A  do  t  a  i  I  c  •  sescri;  '  ion  job  tti.  oti’t  leal  ao 
ground  of  trie  GV  technique  is  describ'd  in  Th-52,  "A  Sc-iario  Independent  Techniq 
for  Assessing  EMP  Effects  on  Cors—un i ca t i on  facilities."  Hie  results  cf  the  I ac i 1 
assessment  presented  in  this  report  consist  of  the  most  severe  response  for  each 
critical  circuit  as  produced  by  one  of  the  17  scenarios. 


SCENARIO  VARIANT  ASSESSMENT  DATA 

The  scenario  variant  assessment  predictions  for  the  critical  equipment 
items  are  provided  in  Table  D.2-1.  for  each  critical  equipment  item,  the  largest 
pred'eted  peak  voltage  and  associated  pulse  frequency  are  provided,  as  are  the 
upset  and  damage  thresholds.  Tabic  D.2-1  also  provides  the  safety  margin  and 
survival  confidence  values  for  each  critical  equipment  item.  The  safety  margin 
and  survival  confidence  predictions  each  oepend  upon  the  predicted  peak  voltage. 
Since  the  SV  assessment  technique  defines  the  maximum  potent  ial  EMP-induce  peak 
voltage  at  the  critical  equipment  interface,  the  predicted  safety  margin  ar  d 
survival  confidence  values  are  the  minimum  levels  expected  for  any  high-altitude 
nuclear  EMP  environment  condition. 


'the  predicted  safety  margin  is  t  h  :  <  at io .  i  <■  ,‘B,  between  the  threshold 
voltage  and  the  predicted  peak  voltage.  The  survival  cc.ifid erce  values  were 
determined  using  the  predicted  safely  margins  and  the  data  quality  distribution 
which  characterizes  the  statistical  uncertainties  in  safety  margin  predictions. 
For  the  calculations  used  for  this  assessment,  the  data  quality  distribution  was 
chosen  as  normally  distributed  with  a  zero  mean  and  a  standard  deviation  of  8  dfi. 
This  distribution  ,;as  used  since  it  is  the  data  quality  indicated  from  previous 
test  exper i cnce , 
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APPEND U 

BONDING^  AND  ASSEMBLY  INSTRUCTIONS 


C. I  BONDING 

Bonding  i efers  to  the  process  by  which  a  low  impedance  path  for  the 
flow  of  an  elect'ic  current  is  established  between  two  metallic  objects. 

E.1.1  Surface  Platings  or  Treatments 

Surface  treatments,  to  include  platinqs  provided  for  added  wearability 
or  corrosion  protection,  shall  offer  high  conductivity.  Plating  materials  stall 
be  e 1 ec t rochen i ca I  1 y  compatible  with  the  base  metals.  Unless  suitably  protected 
from  the  atmosphere,  silver  and  other  easily  tarnished  metals  shall  net  be  used 
to  plate  the  bend  surfaces. 

E.1.2  Bond  Projection 

All  bonds  shall  be  suitably  protected  against  weather,  corrosive  atmos¬ 
pheres,  vibrations  and  mechanical  damage.  Under  dry  conditions  a  corrosion 
preventive  or  sealant  shall  be  applied  within  l'1  hours  of  assembly  of  the  bond 
materials.  Under  highly  humid  conditions,  seul.ig  of  the  bond  shall  be  accomplished 
within  one  hour  of  joining. 

E.1.3  Corrosion  Protection 

Each  bonded  joint  shall  be  protected  against  corrosion  by  assuring 
that  the  metals  to  be  bonded  are  galvanically  compatible  in  accordance  with 
DCA  Notice  310-70-1"".  Bonds  shall  be  painted  ith  a  moisture  proof  paint  conform¬ 
ing  to  the  requirements  of  FCD-STD  T-TP- 1 757  c-r  shall  be  sealed  with  a  silicone 
or  petroleum-based  sealant  ,o  prevent  moistur.  : rom  reaching  the  bond  area.  Bonds 

*  taken  from  HI l-STD- I  88- 1 24 

**DCA  Notice  310-70-1  will  be  replaced  by  Ml L-H T3K-41 9  upon  release  of  419. 
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which  are  located  in  areas  not  reasonably  accessible  toi-.  mai  ntenance  sha'i  or 
sealed  with  permanent  waterproof  compounds. 

t .  i  .*«  v  i  brat  ion 

Bonds  shall  he  protected  from  v  i  brat  i  on- i  .uluced  deterioration  bv 
assuring  that  bolts  and  screws  are  torqued  i  •.  accordance  with  DCA  Notice  310-70-1. 

£.1.5  Bonding  Straps 

Bonding  straps  installed  across  «  hoc*,  mounts  or  other  suspension  or 
support  devices  si, oil  not  impede  the  performance  ml  the  :uuitinq  device.  They 
shall  be  capable  of  withstanding  the  anticipated  notion  and  vibrational  require- 
nents  without  suffering  metal  fatigue  or  other  im.ans  of  failure.  txtra  care  shall 
be  utilized  in  the  attachment  of  the  ends  o'  bcnJing  straps  to  prevent  arcing  or 
other  means  of  electrical  noise  generation  wi it.  Movement  of  the  strap. 

£.1.6  Bond  Resistance 

All  bonds  for  ground  conductors  whose  primary  function  is  to  provide  a 
path  for  power,  control,  or  signal  currents  shall  have  a  maximum  dc  resistance 
of  one  mi  Hi  ohm.  The  resistance  across  joints  or  seams  in  metallic  members 
required  to  provide  electromagnetic  shielding  shall  be  one  milliohm  or  less. 

E . 1 . 7  Cl  amps 

Bonding  clamps  shall  conform  to  AN  735  or  AN  JU7. 

E . 1.8  Nuts,  lolts,  and  Washers 

Nuts  end  bolts  shall  be  capable  of  meeting  the  torque  requirements  of 
OCA  Notice  3I0-/--I.  Flat  washers  shall  not  be  surface  treated:  they  shall  be 
protected  as  specified  in  paragraph  E.1.18  and  E.1.19  for  corrosion  control 
purposes.  Star  washers  smaller  than  1.2  cm  (1/2  inch)  shall  not  be  used. 
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Wherever  possible,  bono  ing  of  •  ..-ui  I  cr  ,  t  r,e  t  .v'u^ucl  i  vc  (Tensers 
be  acco.np  I  i  shed  by  direct  contact  of  tn>:  rat  inn  surtoce  with  the  electrical  pa 
achieved  by  a  welded,  hrozed,  soldered,  or  h  ,  qn- compress i on  bolted  connection. 

E . 1 . i 0  Welding 

Permanent  conditions  between  f e rrous  .'atcriois  shal  1  be  welded 
whenever  possible. 

E.l.il  Bracing  ar.d  Silver  Sc  I de ring 

8razing  or  silver  soldering  is  acceptable  for  the  permanent  bonding 
of  copper  and  copper  alloy  materials. 

E.1.12  Bondinq  of  Copper  to  Steel 

Either  brazing  or  exothermic  welding  shall  be  used  for  the  permanent 
bonding  of  copper  conductors  to  steel  or  other  ferrous  structural  members. 

E . 1 . 1 3  Soft  Soldering 

Soft  soldering  shall  not  be  used  for  bonding  purposes. 

E.1.IC  Sweat  Soldering 

Sweat  soldering  shall  be  used  for  electrical  bonding  only  when  other- 
fasteners  such  as  bolts  or  rivets  are  concurrently  used  to  provide  mechanical 
strength. 


c 


5  u  i  t ; 


'•3 


All  bonds  utilizing  bolts  and  other  threaded  fasrenrrs  shail  conform 
to  the  minimum  torque  requirements  given  in  OCA  Notice  310-70-1.  Inspection 
shall  be  conducted  per i od i ca I  I y .  Before  joining,  all  faying  surfaces  shall  be 
prepared  per  paragraph  £.1.15.  Particular  care  shall  fee  taken  to  provide  adequate 
corrosion  protection  to  all  electrical  bonds  made  with  bolts  ana  other  threaded 
;as  tens  rs . 

£.1.16  C-Clamps  and  Spring  Clamps 

C-clanps  and  spring  clamps  shall  net  be  used  for  permanent  or  semi¬ 

permanent  bonding, 

£.1.17  I nd i rcc t  Bonds 

»here  the  direct  joining  of  structural  elements,  equipments,  and  elec¬ 
trical  paths  is  imposs.b'e  or  impractical  to  achieve,  bonding  straps  or  jumpers 
sha I  1  be  used. 

£.1.18  Surface  Preparation 

All  mating  surfaces  which  comprise  the  be.. j  shall  be  thoroughly  cleaned 
before  joining  to  remove  dust,  grease,  oil,  moisture,  nonconduct i ve  protective 
finishes,  and  corrosion  products. 

1)  Area  to  be  Cleaned.  All  bonding  surfaces  shall  be  cleaned 
over  an  area  that  extends  at  least  .5  cm  (I  A  in.)  beyond 
all  sides  of  the  bonded  area  on  the  larger  member. 

2)  Paint  Remova I .  Paints,  primers,  and  uther  organic  finishes 
shall  be  removed  from  the  metal. 

3)  Inorganic  Film  Removal.  Rust,  oxid..,  and  nonconduct i v;  surface 
finishes  such  as  anodize  shall  be  rexwed. 
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)  '  i  n  a  I  C  I  can  i  in; .  Alter  i  r  t  :  j  !  ;  1  e  o r '  I .. ;  •  t  1  :  , ,,  '  ■  • 

i"mv(T‘j  c  ■■  mechanical  atrjsivo:,  tec  var..-  re:,)1  s-jll  or 
«  i  ped  or  brushed  with  dry  cleaning  solvent  itee*  the 
requirements  of  Federal  Spec  i  f  i  ca  t  i  ons  ?-L'-S8j.  Surfaces 
not  requiring  the  use  of  mechanical  abrasives  or  chemical 
P a i nl  i enovers  shall  be  cleaned  with  a  dry  cleaning  •.•jive"' 
to  remove  grease,  oil,  corrosion  preventives,  dust,  <  i  r  t  , 
and  moisture  prior  to  bonding. 

5)  Clad  Metals.  Clad  metals  shall  be  cleaned  with  (mv  steel 

..or’  or  grit  in  such  a  manner  that  the  cladding  ••<«»! 

is  r.  t  penetrated  by  the  cleaning  process.  /  ia  i  ,•  t,  -  ,otr 
surface  shall  be  acnieved.  (he  cleaned  urea  st.cli  or  ..i:.*;u 
with  dry  cleaning  solvent  and  allowed  to  ait  dr/  f<-tore 
completing  the  bond. 

6)  Aluminum  Alloy.  After  cleaning  of  aluminum  surfa:>.  s  to  a 
bright  t  i n i sh  ,  a  brush  coa  t i ng  ol  i r i d i t  e  or  o  1 1 . .  t  similar 
conductive  finishes  shall  be  applied  to  P-r  mating  surfaces. 

’  /  Comp  lotion  of  the  bong.  If  an  intent  ;  I  protective  coating 
is  removed  from  the  metal  surface,  tn<-  ating  surfaces  shall 
be  joined  within  30  m irtules-  after  cleaning. 

E . 1 . I  9  Dissimilar  Metals 

All  mating  surface  materials  that  comprise  a  bond  shall  be  identified. 
Compression  bonding  with  the  use  of  bolts  or  clamps  shall  be  utilized  only  between 
metals  having  acceptable  coupling  values  as  indicated  in  DCA  Notice  310-70-1.  When 
the  base  metals  form  couples  that  are  not  allowed,  the  metals  shall  be  plated, 
coated,  or  otherwise  protected  with  a  conductive  finish,  or  a  material  compatible 
with  each  shall  be  inserted  between  the  two  base  metals.  It  shall  be  constructed 
from  or  plated  with  an  appropriate  intermediate  metal. 
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i.I.r  Cor  ro  » ic  V  r<  <-r  *  1  c .  ■  ( i.  ■  ■  i  o  - .  Grad'*/ 

Becouse  or  go  I  von  ic  corrosion  between  ,*.5  ini  iar  re  to  I'.,  oeio.v  crude 
and/or  high  moisture  areas  ,  the  welded  or  urozed  j.int  shall  be  ccvered  wit.n 
pitch  or  other  suitable  waterproof  compound  to  inhibit  corrosion. 

E.2  ASSEMBLY 

The  following  s ubpa rag raph s  deal  ..ith  special  installations  peculiar 
to  hardiness  concept  oesigns. 

E.2.1  Rigid  Conduit,  Threaded  Connections 

Rigid  conduit  (new  or  old  i ns t a  I  1  a t i ons )  used  for  shielding  or  rf  returns 
shall  be  assembled  as  follows: 

1)  C  I'sm  i  r.g.  Ail  mating  surfaces  for  threaded  connections  shall 
he  prepared  as  in  paragraph  E.1.18. 

2)  Assemh  I  y .  Apply  cold  galvanizing  compound'"  "Galvicon"  .o 

thread  parts  and  assemble  wet.  Wipe  off  excess  and  let  joint  dry. 

3)  Corrosion  Protection.  Protect  the  connection  as  in  paragraph 
E. 1.3. 

E.2.2  Rigid  Conduit,  Box  or  Cabinet  Connection 

Rigid  conduit  (new  or  old  i ns t a  I  I  a t i ons )  used  for  shielding  or  rf  returns 
shall  be  assembled  as  follows: 

I)  C I ean i ng .  All  faying  surfaces  shall  be  prepared  as  in 
paragraph  E.1.18. 

*  Kenco  0 i v i son 

Southern  Coatings  and  Chemical  Co.,  Inc. 

Sumter,  South  Carolina  29150 


62 


l)  As  scmb )  /.  Assemble  using  j  rigid  cnoduit  metallic  bushing 
and  bonding  type  lock  nut. 

3)  Corrosion  Protection.  Protect  the  connection  os  in 

paragraph  £.1.3- 

£.2.3  Coaxial  Cable,  Severe  Environment 

Coaxial  cable  connections  exposed  to  outdoor  environments  or  high 
humidity  shall  be  assembled  as  follows: 

1)  C 1  ean i ng .  All  metal  sut faces  shall  be  prepared  as  in 
paragraph  £.1.18. 

2)  Assemb 1 y .  Assemble  connectors  and  clean  as  in  paragraph 
£.1.18. 

3)  Corrosion  Protection.  Apply  Dow  Corning'--':  3IA5  P.TV  adnesive/’ 
sealant  (non-corrosive)  on  the  connector  forming  a  seal  to 
preclude  migration  of  water  or  vn,,or  do-.. a  the  cable  or  at 

the  threaded  portion  of  the  connector. 

£.2. A  Coaxial  and  Shielded  Cable,  Intermediate  Point  Bonding 

Cables  reqciring  attachment  of  ground  strap,  at  points  other  than  cable 
ends  shall  be  prepared  as  follows: 

1)  Clewing-  Remove  at  least  3  cable  diameters  of  the  protective 
sheath  to  expose  the  cable  shield.  Prepare  the  shield  surfaces 
as  in  paragraph  E.1.18  except  that  any  solvents  used  for  cleaning 
shall  be  compatible  with  the  cable  dielectric  and  the  insulating 
material . 


**  Dow  Corning  Corporation 
Midland,  Michigan  A86A0 
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'/)  ftssf-ntily.  ..hi-';  Id  bonding  is  achieved  by  using  u  cable 
•.  lamp  to  which  a  flat  bonding  strap  is  attached.  To 
avoid  crushing  the  cahle  dielectric  and  insulating  material, 
fabricate  a  pressure  sleeve  which  will  be  installed  under 
the  bonding  clamp  to  distribute  damping  pressure  over  a  larger 
area.  The  pressure  sleeve  should  be  flared  on  each  end,  split  to 
facilitate  assembly  and  have  a  length  of  about  2  cable  diameters. 
Thin  wall  copper  tubing  slightly  smaller  than  the  cable  diameter 
should  be  used  and  tinned  both  inside  and  out  with  a  50/bO 
solder  using  a  non-corrosive  flux.  Install  the  sleeve  and  an 
A“i?35  type  bond  i  rig  clamp.  Prepare  a  bonding  strap  of  f  r.ned 
cupper  flat  braid  of  the  largest  si/-;  possible  that  is  compatible 
with-  the  terminal  lug  size  determine'.;  t;y  the  required  pressure 
clamp  si2e.  Tne  bonding  strap  should  not  be  more  t.nan  6  inches 
long  and  shorter  if  possible.  Crimp  and  solder  a  lug  to  each 
end  of  the  flat  braid.  Clean  the  metal  parts  as  in  paragraph 
i)  above  and  assemble  the  sleeve,  clamp  and  bonding  strap 
t-rrmii.al  rc  the  cable.  Tighten  the  clamp,  but  not  co  right 
as  to  crush  the  dielectric  or  wire  insulation.  Fasten  the  other 
end  of  the  oond  strap  to  the  ground  plane  in  accordance  to  the 
bonding  instructions  in  paragraph  E.l. 

3)  Corrosion  P-Qtection.  Apply  Dow  Corning**  31^5  RTV  adhesive/ 
sealant  (ncn-corros i ve)  to  the  cable,  sleeve  and  bonding 
clamp.  Completely  cover  the  bond  assembly,  overlapping  the 
protective  sheath  on  the  cable  and  the  terminal  lug  on  the 
clamp.  Thus,  forming  a  seal  to  preclude  migration  of  water  or 
vapor  down  the  cable. 


**  Dow  Corning  Corporat'on 
Midland,  Michigan  hP  3  tO 
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